The present study was carried out to evaluate the platelet rich plasma (PRP) as a factor for accelerating bone healing and compared with normal healing in 18 apparently healthy male mongrel dogs based on clinical, radiographic and histopathological findings. Induction of femoral fracture was done in all dogs of both groups, a gap (0.5 cm × 0.5cm with the whole depth of the near cortex) was created at the fracture sit bone rongeur and the fracture was fixed with standard dynamic compression plate (DCP) and self taping cortical screws. Dogs were divided into two equal groups, each of 9 dogs. Group I was left as a control. In group II, the gap was packed with autogenous PRP. The results of this study pointed out that PRP slightly improved bone healing.
Introduction
Fractures can be fixed using different types of external and internal fixation devices (Stiffler, 2004 and Baele, 2004) . Internal fixation techniques involve intramedullary pins, elastic stable intramedullary nails (ESIN), bone plates, orthopedic wires, and screws ( Stephan and Perren, 2002) . The most appropriate bone plate system is the Dynamic Compression Plate (DCP), in which the holes are managed in such a way that they cause compression of the fracture fragments (Roe, 2003) . Many types of bone screws exist in veterinary practice. Cortical bone screws used for dense cortical bone as it has less depth between threads and more threads per screw (low pitch) to increase engagement with the bone. Murphy et al. (2001) , described other screw types which involve self tapping screws that have a cutting flute on their tip which must completely exit the far cortex. The clinical application of PRP was considered a breakthrough in acceleration of bone and soft tissue healing. Platelets and the released growth factors they release are essential for regulating the cellular events that follow tissue damage. They adhere, aggregate, form a fibrin mesh, and subsequently release a large variety of growth factors and cytokines (Eppley et al., 2004) .
The preparation of PRP was done after Stefan and Dimitar (2007) where, the patient's own blood was drawn out in sterile containers, containing 1 ml CPDA-1(Citrate Phosphate Dextrose Adenine Solution) then prepared by two phase centrifugation. The first spin was at 2400 rpm for 10 minutes. With this spin the erythrocytes were separated from platelet poor plasma. The PRP was separated from platelet poor plasma by a second spin at 3600 rpm for 15 minutes and became ready for use. The aim of this study was to evaluate the ability of PRP to accelerate bone healing based on clinical, radiographic and histopathological examinations.
Materials and Methods
This study was carried out on 18 mongrel apparently healthy adult male dogs with average body weight 15-18 kg and age of 12-15 months at the Department of Surgery, Faculty of Veterinary Medicine, Suez Canal University. Food was withheld for 24 hours an water for 6-8 hrs before the operation.
Each dog was premedicated with I/M injection of chloropromazine hydrochloride (Misr Co. Pharm. Industries, S.A.A) in a dose of 1mg /kg. The site of operation (lateral aspect of the right thigh) was aseptically prepared, and then general anesthesia was conducted by I/V injection of thiopental sodium 2.5% solution (Sandoz GmbH, Kund, Austria) until the main reflexes were disappeared. The right femur of all animals was experimentally fractured transversally by using a wire saw in the mid-diaphysis under constant cooling with a 0.9% NaCl solution with antibiotic, and a gap (0.5 cm 0.5 cm with the whole depth of the near cortex) was created at the fracture site. Dogs were divided into two equal groups. The induced fracture in dogs of group I (control) was reduced and fixed with DCP and self-taping cortical screws (Fig. 1) . In group II, it was fixed as in group I and the gap was packed with PRP ( Fig.2 ) which was prepared after Stefan and Dimitar (2007) . Dogs were clinically examined daily during the study period (12 weeks). The functional disorders of the affected limb during walking were evaluated according to Fox et al. (1995) ( Table 1 ). The data was recorded during the 1 st , 2 nd , 4 th , 6 th , 8 th , 10 th , 12 th weeks after surgery. Radiographs were taken at the 4 th , 8 th and 12 th weeks postoperatively. The bone specimens were obtained from each group at 4 th , 8 th and 12 th weeks postoperative after euthanasia of dogs using overdose of thiopental sodium. The bone specimens were prepared according to Hobbenaghi et al. (2014) . Data of the present study were analyzed using One-way Analysis of Variance (ANOVA) procedures according to Snedecor and Cochran (1989) for testing of significance between the studied groups. Means separation and pair wise comparisons were done by Duncan's Multiple Range test according to Duncan (1955) . Statistical analyses were conducted by SPSS for windows (SPSS version 20). Results are considered significant at probability level of 0.05 for each (P ≤ 0.05). 
Degree Description 0
Normal attitude in station and walking without lameness.
1
Difficulties in walking, especially at rapid carriage with fine lameness. 2
Difficulties in walking, intermittent lameness in rapid walking. 3
Evident lameness at every step. 4
The leg pulls out of support in station and in walking, intense pain.
Results
Pronounced lameness with local inflammatory signs (pain, redness, hotness, swelling and tenderness) was visible in all dogs in the first postoperative day. A slight improvement in the degree of lameness was noticed in group II but with no significant difference with dogs of group I on the 6 th and 8 th weeks postoperatively. On the 10 th and 12 th weeks postoperatively, group I showed a significant increase in the degree of lameness rather than dogs of group II (Fig.3) . On the 4th postoperative week, radiographs of group I showed a mild radiopaque periosteal reaction 1 2 ( Fig. 4) , while in group II, a moderate radiopaque periosteal reaction and progressive radiopaque endosteal callus was evident ( Fig.  5 ). Mal-union of the fracture as a result of bending of the DCP was clearly obvious in the radiograph of a dog of group II 4 weeks postoperatively ( Fig. 6 ). On the 8 th week, a bridging radiopaque periosteal callus and radiopaque endosteal callus was found between the two fractured ends of the bone in dogs of group I. In group II, radiographs clarified the declination of the fracture line with well developed radiopaque endosteal callus (Fig. 7) . On the 12 th week, Radiographic films of group I revealed progressed radiopaque periosteal and endosteal reactions with declined fracture line. A very faint fracture line with dense radiopaque endosteal callus was denoted in dogs of group II (Fig. 8) .
On the 4 th week postoperative, microscopic examination of group I revealed a large endosteal callus composed of fairly arranged fibrous connective tissue with many newly formed capillaries and some inflammatory cells with small endosteal callus. Moderately dense connective tissues which form the external and internal callus were seen in group II (Fig. 9 ). On the 8 th week, group I showed mature granulation tissue with collagen fibers on the internal surface of the bone at the fracture site (Fig. 10) . In group II, the fracture gap was occluded with a dense properly arranged mature granulation tissue and dispersed cartilaginous cells (Fig. 11 ). On the 12 th week, all of defect spaces in group I occupied by extensive fibrous tissue and small foci of separate bone lamellae found irregularly inbetween (Fig.  12 ). Group II revealed, very small fracture line with thin bony trabeculae joining each other and intermingled with mature granulation tissue and focal cartilaginous areas (Fig. 13 ). Fig. (3) : Degree of lameness (mean ranks ± SE at different times among the experimental groups) . (10) : Dog, group I 8 weeks postoperative, showing mature granulation tissue with collagen fibers on the internal surface of the bone at the fracture site (arrow). H&E, X 40. Fig. (11) : Dog, group II 8 weeks postoperative, showing properly arranged mature granulation tissue (black arrow) and dispersed cartilaginous cells (yellow arrow). H&E, X 40. Fig. (12) : Dog, group I 12 weeks postoperative, showing small foci of separate bone lamellae at the bone defect (Arrow). H&E, 40X. Fig. (13) : Dog, group II 12 weeks postoperative, showing bone trabeculae joining each other (arrow) and intermingled with mature granulation tissue H&E, X 40.
Degrees of lameness

Discussion
Fracture repair achieved by rigid fixation and perfect alignment of the bone to allow both timely and maximized return to function of the affected area (Baele, 2004) . Exposure of the right femur was done by a skin incision on the lateral aspect of the thigh extending from the greater trochanter till the stifle joint. Similar approach was described by Denny and Butterworth (2000) , who preferred this approach to avoid vital structures on the medial aspect and for the ease of manipulation of the femur. Revealing the femoral diaphysis was carried out by blunt dissection between the vastus lateralis and the biceps femoris muscles to minimize tissue damage. This was in agreement with Hulse and Hyman (1993), who reported that soft tissues around a fracture when minimally disrupted, it provide fragment vascularity and soft tissue envelope. Self-tapping screws were selected in this study because there was no need to pre drill a pilot hole and it could be removed and reinserted without weakening their hold in the bone. This finding was supported by Gauthier et al. (1992) . The selection of DCP for fixation of femur fracture in this study was attributed to its revolutionary hole design, where it had oval shaped holes providing axial compression by eccentric insertion of the screws of the bone. This feature was realized by Stiffler (2004), who reported that the DCP application can efficiently neutralize compression, shearing, rotational and bending forces on the bone and also provides a stable internal fixation. In accordance with Stefan and Dimitar (2007) PRP was obtained from the same dog (patient's own blood) to minimize tissue rejection and disease transmission using a 2 step centrifugation, the first was to separate the erythrocytes from platelet poor plasma and the second to separate the PRP from platelet poor plasma.
In the 1 st postoperative day, the local inflammatory signs were pronounced in all. Similar results were obtained by Madison and Martin (1993) who noticed that the inflammatory process reach the peak within 48 hrs after bone injury and completely disappear by one week post fracture. By the end of the study, animals of group II showed normal attitude during walking with fin lameness at rapid carriage compared to control group that revealed difficulties in walking. Similar findings were reported by Wiltfang et al. (2004) , who added that PRP reduce the postoperative discomfort of patients due to accelerated healing. In radiography of control group, a clear fracture line with mild periosteal callus was present on the 4 th week which began bridge the fracture line together with a large endosteal callus on the 8 th week. On the 12 th week, a declined fracture line with progressed periosteal and endosteal callus. These results were agreed with the results of Sande (1999). In PRP group, a mild to moderate periosteal reaction and progressive endosteal callus was found in group II on the 4 th week, a declined fracture line in the 8 th week, while on the 12 th week, a faint fracture line with dense radiopaque endosteal callus was denoted. These findings were in accordance with Lemos, et al. (2016) , who mentioned that, PRP therapy is a safe, nonsurgical, biological treatment of osteoarthritis and bone repair. Bending of the DCP was noticed in a dog of group II on the 4 th week which may be attributed to severe trauma to the fracture site. Similar findings were reported by Epps (1986), who mentioned that plate failure and bending may be due to minor loads in small plates and secondary major trauma in large plates. Histopathologic examinations on the 4 th week revealed a large endosteal callus covering the internal surface of the fractured bone with small periosteal callus in control group. PRP group revealed, moderately dense connective tissue that was forming the external and internal callus. This was in agreement with Gandhi et al. (2006) , who noted the presence of granulation tissue in bone defect region, composed of fibroblast, collagen fibers and blood vessels. On the 8 th week, mature granulation tissue with collagen fibers on the internal and to some extent on the external surface of the bone found at the fracture site in control group.This result was matched with those of Thor et al. (2007) , who demonstrated that the fibrous and cartilaginous tissues remained unmineralized in the control group. In PRP group the fracture gap was occluded with a dense properly arranged mature granulation tissue and dispersed cartilaginous cells. These results were supported by Servin et al. (2011) , who observed a cartilaginous center within the cortical bone with the absence of inflammatory cells. PRP group revealed thin bony trabeculae joining each other intermingled with mature granulation tissue and focal cartilaginous areas on the 12 th week. Similar findings were reported by Thor et al. (2007) , who observed areas with osteoid tissue (bone tissue being formed), which would call for a longer time for bone maturation. The results exhibited that PRP slightly improved bone healing. Also, DCP has been considered a suitable method for fixation of femoral diaphyseal fracture in dogs.
